Abstract -We evaluated phytoplankton abundance, composition and trophic state of the Nador lagoon (Morocco) on the basis of data taken in the period November 2007 to August 2008. Sampling was performed at 11 stations (bottle samples at 0.5 m depth and horizontal plankton net tows with mesh size of 20 mm). Among seven identified phytoplankton classes, diatoms and dinoflagellates dominated with 133 and 169 species, respectively. Frequent phytoplankton blooms were contributed by one to three species in the lagoon. Abundance and seasonality of phytoplankton characterized the Nador lagoon as a highly eutrophicated environment.
Introduction
Taxonomic composition and size structure of phytoplankton is regulated by eutrophication in coastal lagoons (PÉREZ-RUZAFA et al 2002) . Eutrophication can induce massive blooms (coloured water) of phytoplankton species and the reduction in diversity. In our study, both the qualitative and quantitative aspects were considered in order to determine (a) the actual phytoplankton community structure of the Nador lagoon, (b) the spatial distribution and (c) the temporal succession of the dominant species.
Description of the study area
The Moroccan Nador lagoon is a semi-enclosed coastal ecosystem with a surface area of about 115 km 2 (Fig. 1) . The lagoon is isolated from the Mediterranean Sea by a 25 km long sand bar (le Lido), crossed by one channel (Boccana). It is located in a region characterised by a Mediterranean climate with, often, a low and irregular rainfall -(annual mean EL MADANI F., CHIAAR A., CHAFI A. Precipitation (mm)
Fig. 2.
Monthly mean rainfall and temperature in Nador city, in the period 1977-1996. hydrocarbons (BLOUNDI 2005) . This organic and inorganic complex may cause dysfunctions in the food web that might lead a total ecosystem imbalance, especially because of the low water exchange rate with the open sea. The turnover time of the water in the lagoon was estimated to be 80 days (HILMI 2005) . However, despite the narrowness of the channel, the hydrological balance of this system shows a quasi-permanent predominance by sea water. In 1993 the channel (Boccana) was dredged and widened after a progressive accumulation of the sand that since 1987 had almost completely isolated the lagoon from the open sea; this was done in order to re-establish normal water circulation.
The macrophytes recorded in the lagoon, during the present study, belong to three groups (i) Climax phanerogams Cyamodocea nodosa, and Nanozostera nolti and the Chlorobiontes Caulerpa prolifera, (ii) the opportunist algae: Ulva spp, Enteromorpha spp, Chaetomorpha linum and (iii) the drifting Rhodophyceae species Gracilaria gracilis and Alscidium corlinum. Generally, the invasive macroalgae, Caulerpa prolifera, cover most of the bottom, except the central part that is devoid of macrophytes, restricting the seaweed Cymodocea nodosa to small bands in the shallowest areas surrounding the lagoon.
Diatoms are the dominant planktonic algae in the lagoon (EL MADANI et al 2001) .
Several watercourses drain into the lagoon but most of them become functional only during episodic flood periods (MAHJOUBI 2003 
Materials and Methods
Surface phytoplankton sampling was conducted, five times, roughly each two months, at 11 stations along Nador lagoon, (Fig. 3) . For qualitative study, samples were collected using a standard plankton net (20 mm mesh size), in a horizontal tow for about 2 minutes at each station. For quantitative plankton sampling a bottle was used. Once collected, samples were fixed immediately with neutral formalin. For identification and enumeration of phytoplankton an inverted microscope Leica DM-IRB was used.
Phytoplankton identification was performed according to DODGE (1982) , BALECH et al. (1984) , RICARD (1987) , BALECH (1988) , LARSEN and MOESTRUP (1989) , DELGADO and FORTUÑO (1991) , HALLEGRAEFF (1991 ), PAULMIER (1992 , 1994 , NEZAN (1996) , NEZAN and PICLET (1996) , TOMAS (1997) , FAUST et al. (1999) , MATSUOKA and FUKUYO (2000) , HANSEN et al. (2001) , SAR et al. (2002) , KASHIMA (2002) , KOENING and LIRA (2004) .
The salinity and temperature measurements were made in situ (20 stations) with WTW cond-197i model conductivity-salinometer (Fig. 3) .
Results

Water temperature and salinity
Salinity and temperature increase from January to August (Fig. 4) . The salinity minimum is due to the rainfall maximum. If we consider spring the reference season, because of its moderate temperature and low rainfall, the normal salinity in the Nador lagoon is around 36.7 with small variations. The range between minimum and maximum water temperature is about 13°C, and photoperiod seems to be the main limiting factors for the development of the phytoplankton community.
Taxonomic composition
A total of 311 phytoplankton species belonging to seven groups were identified during the period of study; 133 diatom species, 169 dinoflagellates, 2 cyanophyceae, 2 dyctiochophyceae, 2 euglenophyceae, 1 chlorophyceae, 1 coccolithophorid species and 1 raphydophyceae (Tab. 1). Among phytoplankton species, the most dominant were diatoms, such as: Chaetoceros spp, Pseudonitzschia spp, Nitzschia longissima, Skeletonema sp, Neocera-
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- tium furca, Gonyaulax souseae, Alexandrium minutum, Scrippsiella trochoidea, Prorocentrum triestinum and Achradina pulchra. A maximum of 201 taxa were observed at station 11, the minimum of 72 species at station 7 (Fig. 5) .
Abundance
The maximum phytoplankton abundance was found in August 2008 (Fig. 6) , due to the bloom of Nitzschia longissima (1. The abundances in January and June differ due to the bloom of Chaetoceros observed in January at station 10, with abundance exceeding 2´10 6 cells L -1 .
November 2007 and January 2008:
The community was dominated by the diatom Chaetoceros which contributed in 96.14% and 99.06% respectively in November and January.
In November, the maximum phytoplankton abundance was recorded at Station 2, with 4.4´10 4 cells L -1 (Fig. 7) . The dominance of Chaetoceros was observed all over of the lagoon with the exception of stations 5 and 6 where Neoceratium furca dominated. 
Discussion
In the present study, diatoms were generally dominant. The maximum number of taxa was observed at station 11, situated in Boccana channel, with a greater exchange of water between the lagoon and the open sea. The minimum number of taxa was found at station 7 located in the confined Kariat Arekman area as found in the period 1982 -1993 (LEFEBVRE et al 1996 . The difference in diversity between these two areas shows that more than half of the phytoplankton population comes from the open sea. The highly eutrophic conditions in the lagoon cannot maintain populations. In addition, GILABERT (2001a) explains the low diversity in the lagoon by strong physical perturbations. Anyway, more than 114 species are adapted to the lagoon's ecological conditions. About 44 phytoplankton species are common in most sampling stations (those found in at least 6 sampling stations). Nador lagoon is slightly eutrophicated in October, with an tendency to increase with the approach of summer, due to the increasing temperature, light intensity and input of nutrients into the lagoon (fig. 4, 7) . The eutrophication of the lagoon is manifested by the reduction of the water clarity, which is the direct result of the phytoplankton blooms, corresponding to the diatoms Chaetoceros, Pseudo-nitzschia, Nitzschia longissima etc. In summer, chlorophyll concentrations range from below 5 mg L -1 to 20 mg L -1
, and oxygen decrease to anoxic conditions at stations 1 and 4. Strong eutrophic conditions were observed in the last decade. The blooms cause a green, brown or yellowish-brown discoloration of water. The bloom degradation results in increasing oxygen demand and degradation of water quality. Seasonal variations of primary production are the result of external physical chemical environmental variables and the shallowness of the lagoon (GILABERT 2001a, b) .
During several years, we have observed that summer phytoplankton blooms are accompanied by appearance of abundant jellyfish Rhyzostoma pulmo. Occurrences were reported in the Mar Menor, where these organisms may play an important role in controlling eutrophication by feeding on diatoms and zooplankton (PÉREZ-RUZAFA et al. (2002) .
The qualitative and quantitative results lead us to conclude that, in general, the Nador lagoon seem to be highly affected by eutrophication. A new channel (300 m wide) is going to be opened to increase the lagoon water exchange with the open sea, with an expected reduction of the residence time of water in the lagoon. This action is expected to have a great impact on the water quality by reducing the present eutrophication level, which will be accompanied by the modification of current phytoplankton population structure.
